Background: The HIV-Brazil Cohort Study (HIV-BCS) is a research primarily based on data collection from medical records of people living with HIV/AIDS in Brazil. The aim of this study was to present the validating design and results for the laboratory biomarkers viral load and CD4+ T-cell count from the HIV-Brazil Cohort Study. Methods: A total of 8007 patients who were started cART from 2003 to 2013 were considered eligible for this study. Total follow-up time was 32,397 years. The median duration of follow-up was 3.51 years (interquartile range -IQR 1.63-6.13 years; maximum 11.51 years). We used secondary data from the Brazilian Laboratory Tests Control System (SISCEL). Incidence of lab testing rates per 100 person years (100 py) were used to compare the number of laboratory tests carried out among cohort sites considering different databases for CD4+ T-cell counts and HIV viral load assessments. Descriptive statistics including 95% confidence interval, Pearson correlation coefficient, Bland-Altman agreement analysis and kappa coefficient agreement were applied for analysis.
Background
HIV/AIDS cohort studies based on clinic populations and medical records are becoming more abundant due in part to an increasing trend toward electronic medical records and advances in information technology [1] . In the absence or difficulty to obtain prospectively collected clinical data, the epidemiological studies of HIV infection often rely on a variety of secondary sources for patient information, including the patient report, medical records, and surveillance data [2] .
Brazil is estimated to have 830,000 people living with HIV and, following national guidelines issued by the Ministry of Health, all should be treated with combined antiretroviral therapy (cART), provided free of charge through the public health sector. In this scenario, the HIV-Brazil Cohort Study (HIV-BCS) is being carried out as a nationwide research project, primarily based on data collection from medical records of people living with HIV/AIDS. Due to its long follow-up period and a significant number of observations, this study is recognized as an important asset to increase the availability of data on outcomes of the National AIDS Program related to the prescription of cART in public healthcare services [3] .
In Brazil, AIDS epidemiological surveillance, apart from being based on information provided through the notification of cases recorded on the Notifiable Diseases Information System (Sistema de Informação de Agravos de Notificação -SINAN) and deaths recorded on the Mortality Information System (Sistema de Informação sobre Mortalidade -SIM), also draws information from two other systems: the Laboratory Tests Control System (Sistema de Controle de Exames Laboratoriais -SISCEL) and the Medication Logistics Control System (Sistema de Controle Logístico de Medicamentos -SICLOM). These databases comprise the basis of the National HIV/ AIDS register in Brazil [4] .
The SISCEL system has been developed with the aim of monitoring CD4 T lymphocyte (CD4 + T-cell) counts and HIV viral load (VL) assessments, biomarkers that are used to decide when patients should start treatment and to monitor patients already under antiretroviral therapy [4] .
So far little effort has been made to correlate multiple sources of data [2] . Comparisons of medical records and HIV/AIDS surveillance data found good agreement for individual data [5] [6] [7] . A study performed in North Carolina tried to describe and quantify differences during the year of the first positive HIV test among patient reports, medical records, and HIV/AIDS surveillance data and concluded these measures could not reliably be used interchangeably as there was wide variability between them. Although the collection of data from patient reports or existing sources is convenient, cost-effective and efficient, there is significant variability among all sources [2] . Another recent research proposed to compare measures of retention in HIV care status based on both clinic visit data and HIV laboratory surveillance data. Although the authors have pointed out important limitations associated with definitions being used for retention, they concluded the combined use of laboratory and clinic visit-based data to measure retention in care provides a more accurate representation of the care status of HIV-infected patients than use of a single data source alone [8] .
The assessment of the quality of data extracted from medical records is vital to correctly interpret the results obtained in the HIV-BCS and should help indicate critical points and open the door to further scientific production. The aim of this study was to present the validating design and results for the laboratory biomarkers CD4 + T-cell counts and HIV VL assessments from the HIV-BCS, using secondary data from SISCEL.
Methods

HIV-Brazil cohort study
HIV-BCS is an ambidirectional cohort involving 13 Brazilian sites, comprising 26 public health facilities in 11 cities across four of the five administrative regions of the country. Patients aged over 18 who were started on cART from 2003 to 2013 are enrolled in this cohort. The facilities were selected based on convenience, by region and city of location, availability of information on the clinical follow-up and the use of cART, and the existing infrastructure to conduct studies of this nature. The cities in which these facilities are located were chosen because they reflect the diversity of the epidemiological profile of AIDS in Brazil. Information about cohort sites, eligibility and inclusion criteria, data sources, outcomes, censoring criteria, availability of data and ethics statement have been previously reported [3] .
The cohort data were obtained as part of the routine clinical care provided at the health services (routinecare-based cohort) and were abstracted from patients' clinical records by trained abstractors onto standardized forms. These clinical records were reviewed at intervals not exceeding 6 months to investigate events recorded during the routine clinical follow-up visits performed within each period.
Different data collection strategies were used in the HIV-BCS cohort study: phase 1 -retrospective cohorta standardized form was applied on patient medical reports and data entered onto a specific EpiData 3.1 form (The EpiData Association, Odense, Denmark); phase 2 -prospective cohort -an online standardized form was used and data entered directly from patients' medical records into a REDCap (Research Electronic Data Capture, Nashville, United State) file; additionally, the IPEC site (retrospective and prospective) included data from their local cohort and electronic medical records after inclusion of all their patients who met the specific criteria in the study (Fig. 1) .
For this evaluation, we used the following variables: patient code, historical laboratory results including CD4+ T-cell counts (number of cells per mm 3 ) and VL assessments (absolute number of HIV RNA copies/ml and log of number of copies/ml) and date of blood sample collection.
Brazilian laboratory test control system-SISCEL
Since 1997, the Department of Sexually Transmitted Disease and AIDS started to deploy the National Network of Laboratories (NNT) for carrying out T-cell counts (CD4 + /CD8 + ) and HIV VL assessments. The main objective of the network is to monitor the course of HIV infection, guide the initiation of antiretroviral therapy and to provide immunological parameters for the prescription of chemoprophylaxis for opportunistic infections [4] .
SISCEL was implemented in all Brazilian states in 2002, and its billing module enables laboratories affiliated to NNT to generate all the information required by the Ministry of Health for billing. Currently, SISCEL is being used in all Brazilian states, with 95 laboratories performing CD4+/CD8+ T-cells counts and 85 laboratories performing VL tests [4] .
Information is fully stored in the central database in the Department of Sexual Transmitted Disease, AIDS and Viral Hepatitis of the Ministry of Health. This database is automatically fed by NNT laboratories and can be accessed by federal, state and municipal managers of STD and AIDS programs, using the Internet with data encryption (Fig. 2) . There are two subsystems, one for VL assessments and another for CD4+/CD8+ T-cell counts. The SISCEL's logical framework can be seen more detail in another study [5] .
For this evaluation, we used following variables: patient code, date of birth, requesting institution, request date, sample collection date, result date, CD4 + T-cell and CD8 + T-cell count, total lymphocyte count, VL copy number and log, and qualitative result of VL (above or below assay lower limit).
Matched system
A single code was generated for each patient in the different databases used in the HIV-BCS study. For patients enrolled in phase 1 and only updated during follow-up in phase 2, a specific field was created in the online REDcap form to enable entering the patient code used in the retrospective phase.
The concatenation between the HIV-BCS database and the National HIV/AIDS register database was a major challenge because the common identification variables in the two databases were: patient's name, the patient's mother's name and date of birth. Thus, the bubble sort computer system was developed based on C# language to generate unique patient codes for cases that were 100% compatible. Additionally, a researcher evaluated the records that did not match to identify potential problems (for example, names incorrectly typed). The creation of this single registration enables a linkage with any database from the National HIV/AIDS register.
Inclusion, censoring criteria and ethical aspects
For this specific paper we have adopted an inclusion criteria similar to the HIV-BCS [3] but some subjects were excluded (Figs. 1 and 3) no linkage code with National HIV/AIDS register surveillance (1.1% or 100 individual); (2) no data available for CD4 + T-cell count or HIV VL assessment during clinical follow-up (1.6% or 136 individuals); or (3) no data available for CD4+ T-cell count or VL after initiating cART (4.9% or 431 individuals).
The censoring date considered in the HIV-BCS was July 31, 2014 for patients that starting cART from January 01, 2003 to December 31, 2013. In addition, we used the dates of the last CD4 + T-cell counts and VL to censure SISCEL database and prevent entry of tests results beyond the date recorded in the cohort study.
In order to work with possible discrepancies between tests due to the lack of matching the exact tests dates (CD4+ T-cell or VL), the comparisons were made with another result of the same test considering the closest date, respecting an interval of 30 days.
HIV-BCS was approved by the Institutional Review Boards (IRB) of the participating sites: in the first phase, the IRB waived the requirement for written informed consent, given that confidentiality of the individual's data was ensured at all stages of the project. In the second phase, all participants provided written consent for participation in the study. This specific study was approved by the Ethics Committee of the Medical School of the University of São Paulo (#229/13).
Statistical analysis
The analysis used in this study aimed to summarize updated information from HIV-BCS and to show the validating process based on matching CD4 + T-cell counts and VL assessments between the HIV-BCS database and the SISCEL database. In the first approach (considering sample size showed Fig. 3 -Analysis 1), central tendency and dispersion statistics are used to characterize the cohort follow-up; incidence of lab testing rates per 100 person years (100 py) were used to compare the number of laboratory tests carried out among cohort sites considering different databases. In addition, proportion and 95% confidence intervals based on 1000 bootstrap samples [9] for qualitative lowest CD4+ T-cell before cART and higher VL before cART were studied. For the second approach three analysis strategies were used (Fig. 3 -Analysis 2 and 3):
(1) Descriptive statistics [10, 11] including mean, median, standard deviation (SD) and interquartile range (IQR) and proportions (%) for the ten first quantitative measures ofCD4 + T-cell counts and categorized VLs (above or below assay lower limit) after cART; (2) Pearson correlation coefficient [12] and Bland-Altman agreement analysis [13] for quantitative measures of lowest CD4+ T-cell count and log of highest VL before cART; (3) Kappa coefficient agreement [14] 
Results
From 8674 enrolled individual in HIV-BCS 8007 were considered eligible for this study. Total follow-up time was 32,397 years. The median duration of follow-up was 3.51 years (IQR 1.63-6.13 years; maximum 11.51 years). As shown in Table 1 , 80,302 CD4+ T-cell and 79,997 VL examination records in HIV-BCS versus 94,083 CD4+ T-cell, and 84,810 VLs from SISCEL were observed. The general CD4+ T-cell HIV-BCS testing rate was 247 per 100 py versus 290 per 100 py and the VL HIV-BCS testing rate was 246 per 100 py versus 261 per 100 py. Sites with the lowest CD4+ T-cell HIV-BCS and VL testing rates, respectively, were Manaus -FMT (158 per 100 py and 142 per 100 py) and Belém UREDIP (186 per 100 py and 179 per 100 py). Rio de Janeiro IPEC showed the highest testing rates (186 per 100 py and 179 per 100 py).
Proportions of CD4 + T-cell counts and VL assessments between the two databases are showed in Tables S1 and  S2 show results according to site.
High proportion of missing data in the SISCEL database for the lowest CD4+ T-cell count (26.9%) and the highest HIV VL (35%) before cART, were concentrated in the first years of patients inclusion: (1) Table S3 shows the results for each site.
The general correlation observed for the quantitative lowest CD4+ T-cell count before cART was 0.970 (p < 0.001); the sites with the lowest and highest correlation were Recife -HC/UFPE -0.921 (p < 0.001) and J. Guararapes -MUNICIPAL STF -0.997 (p < 0.001). For the log of the highest VL before cART, the overall correlation was 0.971 (p < 0.001), and Rio de Janeiro -IPEC with 0.950 (p < 0.001) and Manaus -FMT 0.997 (p < 0.001) accounted for the lowest and highest correlations. In all cases the mean differences between the two data sources were statistically zero ( Table 4) .
The overall agreement coefficients for categorized CD4+ T-cell counts -0.932 (p < 0.001) and HIV VLs -0.996 (p < 0.001) were high. The Municipal Network in São Paulo presented the lowest kappa coefficient for both biomarkers -0.867 (p < 0.001) for CD4 + T-cell counts and 0.855 (p < 0.001) for HIV VLs. The highest kappa agreement (1.00) was observed in J. Guararapes -MUNICIPAL STF for both indicators (Table 5 ).
Discussion
CD4
+ T-cell and VL counts are two biomarkers of responses to antiretroviral treatment and HIV disease progression that have been used to monitor HIV infection in clinical follow-up. The VL is the most important indicator of initial and sustained response to ART and should be measured in all patients infected with HIV on entry into treatment, at the onset of therapy and on a regular basis thereafter. The CD4 count is the most [15] [16] [17] [18] . This study proposed a validation method based on the correlation and agreement coefficient for VL and CD4 + T-cell data from the HIV-BCS and SISCEL databases.
Our interest was not to evaluate viral suppression or the immunerestoration provided by antiviral therapy, since this had been widely described in the literature [19] [20] [21] . The main focus of this paper was to show that information from HIV/AIDS medical records has proven to be of high quality when compared with the same data obtained from other systems. The main difference between these two sources of information (HIV-BCS versus SISCEL databases) is based on an increased likelihood of interference of human intervention in the first database, especially in phase 1, that used paper questionnaires to collect information from the patient's medical record (Fig. 1) .
This paper also allowed us to study the distribution of CD4 + T-cell counts and HIV VL assessments according to research sites, and in this regard we obtained important findings. About the results presented in Table 1 , sites such as Manaus -FMT and Belém -UREDIP, located in the north of Brazil had a low density of laboratory tests in the HIV-BCS database (less than 2 measurements per persons annually for CD4 + T-cell and VL), but when these sites were observed in the SISCEL database, they presented frequencies of testing that were comparable to that seen in the other sites (more than 3 per year). This can be explained by the incompleteness of medical records as far as laboratory results are concerned. In contrast, Rio de Janeiro -IPEC showed more CD4 + T-cell and VL records in the HIV/BSC database (more than 3 per year for CD4 + T-cell and VL) than in SISCEL, as this site is a major reference center for in HIV research and clinical care. Furthermore, their laboratory integrates the National Network of Laboratories for CD4 + T-cell, VL and HIV genotyping tests and as they have a large and busy outpatient clinic, we suggest an internal flow that provides CD4 + T-cell and VL results for clinicians could have led to the partial feeding of the SISCEL database.
Vieira and Garrett [14] suggested operational cutoff points for kappa coefficient: less than chance agreement Based on these authors, we feel comfortable saying that this study showed there were high correlation and agreement for CD4 + T-cell counts and VL assessments, taking overall and per site data.
In previous reports authors [5] [6] [7] have compared data from HIV surveillance information systems with those obtained from medical records or independent databases. They found substantial or almost perfect agreement for age, race, and gender, but poorer agreement for mode of HIV acquisition, CD4 + cell counts, and the more complex categorization of AIDS case definition.
Moreover, studies have been conducted to validate self-reported health information versus registered information from medical records. For instance, Kalichman, Rompa and Cage [22] found good agreement in self-reporting of CD4 cell counts, but not for HIV VLs. In a marginalized population in particular, agreement between self-reports and medical records was poor for ambulatory visits, poor to fair for medication use, and poor for laboratory tests. However, the agreement for CD4 count was substantially better [23] . Using another strategy An et al. [24] showed an agreement between self-reported and medical records was good in HIV status and date of first positive HIV test, but poor in date of last negative HIV test.
Two implications can be realized from this study: (1) concerning the HIV/AIDS cohort study in Brazil, we believe no additional transcription of CD4+ T-cell and VL counts from patients' medical records is necessary, due to a reliable quality in the SISCEL database; (2) and another concerning the health service, with high correlation and agreement of their data, the permanent evaluation of the therapeutic success of the patients can be accomplished, and it is not necessary to carry out specific studies for this purpose.
The main strength of our study relies on the linkage of strongly robust HVI/BCS databases with 8007 subjects and with a long follow-up time (32,397.12 years) with thousands of tests results accumulated over the year Viral load was grouped in: above or below assay lower limit of detection. The lower limit of detection varied according to method over the years between 400 and 40 copies / ml sand the SISCEL database that integrates the National HIV/AIDS register in Brazil. All T-cell counts (CD4 + / CD8 + ) and HIV VL assessments performed in the National Network of Laboratories (NNT) are mandatorily registered in this database.
Despite these results, some limitations of our study should be pointed out. We realize that high proportion of missing data in the SISCEL database for thelowest CD4+ T-cell count and the highest HIV VL before cART, were concentrated in the first years of patients inclusion. The SISCEL system has been effectively in since 2002 and, although a study has already shown its good quality for epidemiological surveillance [20] , so it is fair to speculate that it did not perform very well in the first years of use.
We encourage further studies with SISCEL system in order to verify the quality information improvement in the time and new studies including another national database like SICLOM -Logistic Control System Drugs, SINAN -Notifiable Diseases Information System (surveillance system) or SIM -Mortality Information System and HIV-BCS. Validation data of socio-demographic characteristics, loss to follow-up, mortality and cART schemes can be evaluated.
Conclusion
The current study confirms that CD4 + T-cell counts and HIV VL assessments from HIV-BCS have high correlation and agreement with data obtained from SISCEL, especially after exclusion of missing data. The HIV-BCS database has a lower proportion of missing data concerning CD4 + T-cell counts and HIV VL, as compared to SISCEL.
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